achieve food self-sufficiency. Through sustained competition, rich countries impose their products and consumption patterns, thus weakening local production and, in turn, the economies concerned. To cope with this situation, major efforts are being made to increase production. In this context, the State of Senegal has always supported the promotion of local cereals through the implementation of specifically dedicated programs (GOANA, rice self-sufficiency, etc.). The development of the agro-food sector has received particular attention in recent years, making it one of the most dynamic sectors of the country's economy.
Introduction
Until the beginning of the 3 rd millennium, malnutrition has continued to increase in developing countries despite the evolution of science in the field of agriculture. In its global campaign against hunger, the Food and Agriculture Organization of the United Nations (FAO), the International Fund for Agricultural Development (IFAD) and the World Food Program (WFP) estimate that 795 million people, or 1/9 of the world's population, of whom 232.5 million Africans have suffered from chronic hunger undernourishment during the period 2014-2016 [1] .
Agriculture with 7.86% of the gross domestic product [2] occupies a preponderant place in the economy of Senegal and sustains 60% of the population [3] . In fact, there are 755,532 farm households, more than 95% of which are active in this sector, which provides them with the main source of income. The majority of the crops grown are food, 91% [4] . Countries of the south Sahara continue to varying degrees to carry out large-scale actions in peasant management in order to significantly increase production and market value of cereals (rice, millet, sorghum, etc.) and their by-products in order to
The duration of this bibliographic search was not limited and the documents consulted are written in French or English.
To be more precise the documents consulted deal with the rice parboiling, the methodology used, the technological and physicochemical characteristics and the nutritional contribution.
A total of 31 articles, 1 thesis, 1 memory, 5 books and 11 reports were consulted.
Results

Parboiling
Parboiling is a hydrothermal treatment wherein a paddy is soaked in hot water, steamed to complete gelatinization, and dried before milled [11] . This technology adds value to quantitatively and qualitatively milled rice [12, 13, 14, 15] .
Parboiling was traditionally practiced at the beginning of the 20th century in South-East Asia and tropical Africa and then from 1940 in the United States and Europe. It is a process of Indian origin, very ancient and very well known. It is applied in India, Bangladesh, Pakistan, Thailand, Brazil, France and the United States [16] . The traditional parboiling technique has been introduced in Benin by Malian women for several decades [17] .
Parboiling method used in sub-Saharan Africa
Parboiling is well practiced in Africa, among others in Mali, Benin and Burkina Faso [18] . There are two methods of parboiling: the traditional method and the so-called improved method [13] . According to [19] the parboiling method used in Senegal and in the other countries of West Africa is the so-called improved method. Water and heat are the two main variables and allow the three stages of the parboiling process to be carried out [20, 19, 21] . These three phases are:
Soaking: It is the total immersion of the paddy in water to allow it to be completely hydrated. Beforehand, the paddy is cleaned dry and then with water and drained, which makes it possible to eliminate all the organic impurities and to sort it according to the thickness of the grains [22] . During this stage, water carries with it most of the nutrients of paddy rice from bran to grains [8] .
Steaming: This is an important operation, which consists in steaming the paddy soaked, rewashed and drained until the gelatinization takes place. Optimal gelatinization can be observed when the hulls of most grains crack and open [23, 24] .
Drying:This is the progressive reduction of the water content of the steamed paddy (greater than 30%) to approximately 14 to 12% representing the minimum water content level required to ensure grain breakage during [25] . The steam-treated paddy is manually scattered in very thin layers on a spread sheet or on a well washed and dried concrete drying area. It is first dried in the sun for about 90 minutes to three hours then picked up and dried in the shade for the rest of the drying which can last about 16 hours before being husked. However, millers are advised to have instruments to measure grain moisture to ensure that this water content is actually reached. According to the dry women in the center of Songhaï, the end of drying in the shade is marked by the easy removal of the balls by friction of the paddy in the palms of both hands, which determines the end of the whole process of parboiling.
The influence of certain factors on the quality of rice parboiling
Type of paddy rice: In order to prevent fermentation, especially during the soaking process, it is essential to remove all organic impurities mixed with the paddy [26] indicates that it is necessary to have a good quality of paddy, that is to say which is not too old and does not have too many cracks because the quality of the final product also depends on that of the paddy used. If the grains are not all the same size, as often happens in the case of mixed varieties, the gelatinization of the albumen cannot be done uniformly. Indeed, thick grains require a longer time of soaking and steaming. If the processing time is increased, the thinner grains will become darker in color, become harder with a more compact shape. Once husking, the rice will have an irregular appearance, duration of cooking and variable organoleptic properties.
Soaking temperature:
The soaking temperature is one of the most important stages in the process of parboiling. In most countries in sub-Saharan Africa, including Nigeria, hot water soaking is done by introducing paddy rice into hot water heated to 30-70 ° C and leaving it stand for 10-24 hours after removal of the heat source [14, 27] .
According to Cherati (2012) [28] , there is a significant difference in the milling yields of the various tests and treatments performed. The highest percentage is obtained for soaking at 45 °C. for 5 hours under atmospheric pressure [29] reported that soaking at 50 °C for 3 hours most provided the desired stewed rice quality from a nutritional and sensory point of view. Studies based on qualitative changes in parboiled rice have concluded that intermediate soaking temperatures (60 °C to 70 °C) would be useful for soaking [30] . There is a correlation between the temperature of the soaking water and the soaking time Miah et al. (2002) [31] demonstrated that the higher the temperature of the soaking water, the lower the soaking time. However, the temperature of the soaking water should not exceed the gelatinization temperature of the paddy rice starch.
Soaking time:
The soaking operation is the most critical of the three important steps of parboiling [32] . The water content sufficient to obtain adequate gelatinization in the steaming step depends on soaking [33] . Generally, the paddy is soaked in fresh water and heated to obtain a temperature of between 70 and 90 °C. The fire is then switched off and the paddy is soaked for 12 to 16 hours [19] . If the soaked water can be stored at a constant temperature of 70 °C, the soaking period can be reduced to 5 hours [23] Bhattacharya et al. (1985) [34] reported that a moisture level of 40 to 45% is required during the soaking step to achieve the desired gelatinization of the starch. Soaking changes its raw composition and distribution of nutrients mainly in fiber, ash and minerals. The latter within the grains migrate with the soaking water, thus altering their distribution in the rice grains [6, 35] . Kshirod et al. (2006) [36] reported that hot soaking and steaming conditions could also affect the color of parboiled rice [7] indicate that color is an important parameter of parboiled rice because it directly influences its nutritional value. If the soaking time is insufficient, all the paddy grains will not be well saturated with water, resulting in different colors of rice after milling. If the soaking is to excess, the parboiled rice will have a bad odor and it will be unpleasant to consume.
Steaming time:
Steaming is a crucial step in the parboiling process which brings about the fundamental break in the properties of parboiled rice from those of raw rice. It allows a gelatinization of the starch which loses its crystalline structure. The duration of steaming, among other factors, plays an important role in the properties of parboiled rice. It depends on the arrangement of the vapor in the vessel and the amount of paddy affects the level of heat distribution and therefore the overall time for the process [37] .
The level of moisture distribution in the rice grain during soaking, the duration and the intensity of the heat treatment have a great influence on the overall properties of the parboiled product [38] . Thus, [39] indicate that the presence of grains of white-heart rice is often associated with poor paddy rice steeping, either by poor paddy dipping or insufficient pre-cooking. In contrast, [35] reported that prolonged steaming leads to nutrient loss.
Nature and duration of drying:
Drying, which entails the reduction in moisture content, completes the rice parboiling process. This is done to bring the moisture level of the parboiled product to about 12 -13 % representing the moisture content level required to ensure minimal grain breakage during milling [25] . As a best practice, drying should be done slowly so as to avoid internal stresses which could develop in the grain and cause breakage during milling [40, 37] .
Impact and nutritional intake of rice parboiling
Parboiling brings the specter of qualitative changes in rice. It affects the physical properties of rice, nutritional composition, starch characteristics (sticking properties and crystallinity), cooking qualities, etc. [41, 6, 11, 42, 43, 32] . According to these authors, the purpose of parboiling is to produce physico-chemical and organoleptic modifications that are advantageous from an economic, nutritional and practical point of view.
Physical modifications
They concern the drying which reduces the moisture content of the grain to the optimal level for milling. All the latent or active biological processes, namely germination, the proliferation of fungal spores, and the development of insects at different stages are definitively stopped. The milling yields efficiency is better and the quality is improved because there are fewer broken grains. Parboiled rice, whether milled or not, can be stored better and longer because the compact texture of the albumen allows it to withstand insect attack and mold growth [44] . Thus, [45] reported a significant reduction in cracked grain on parboiled rice. The parboiling process is applied to rice with a preliminary objective of hardening the kernel in order to maximize head rice yield in milling. However, hardness is one of the most important physical properties of parboiled rice because it reduces broken rice and nutrient losses during milling, which considerably increases the nutritional value and acceptability of consumers [7, 39] .
The chemical modifications
The main chemical modifications are the dissolution and the diffusion of the water-soluble substances (vitamins and mineral salts) in all the grain, which modifies their distribution between the different parts of this one. Gelatinized starch is a compact, homogeneous mass. The lipids are separated and sink into the compact mass of gelatinized starch; they are therefore less subject to extraction. For this purpose, improvement of nutritional value such as B vitamins and other trace elements is the most important parameter among all the other properties of parboiled rice. Thus many researchers like [46] and [47] reported a marked increase in thiamine, riboflavin and nicotinic acid in parboiled rice. Like vitamins, sugars and amino acids, minerals also increase during rice steaming. Bhattacharya et al. (1985) [34] reported that changes in mineral elements are not as important. However, ash, phosphorus, calcium, iron, manganese, molybdenum and chromium were found to be higher in parboiled rice than in un-parboiled rice.
Thus, [35] reported a significant increase in hulling yield from 51% for brown rice to 80% for parboiled rice. The results also showed a significant increase in protein, lipid and ash content.
Besides milling yield, it was also the realization of the nutritional and health benefits of parboiled rice compared to raw rice that created the awareness and importance of parboiling among consumers and manufacturers [47] . Thus, the work carried out in [48] on a local variety showed that parboiled rice contains a good dietary value from the point of view of energy, protein, lipid, cellulosic and vitamin intakes. According to the author, parboiling rice retains its proteins and vitamins, keeps well and also retains good taste and market value. On the other hand, the non-parboiled rice under Guinean climate conditions loses almost all the B vitamins. It has a much lower protein content and is richer in carbohydrates than parboiled rice.
The organoleptic modifications
The most important is that the parboiled rice cooked is more digestible, because of its texture and firm consistency. In addition, after cooking, the grains are firmer and less prone to sticking. They thus conserve longer and rancid less [49] .
Conclusion
The present study on parboiling in sub-Saharan Africa, carried out mainly through a review of the literature, made it possible its technological and physico-chemical characteristics, the influence of certain factors on the quality of parboiling, its impact and its nutritional intakes. Given the importance of this study and in order to encourage the emergence of post-harvest technologies that are efficient and adapted to local socio-economic conditions,
